Eiactronics

Laser weric

Meadicai diathermy and experimental cancer work
Welding

radar mechanics

Avionics worlzers

relecommunicaticns workers

Rubber Products Workers
drving latex foams
gelling latex foams
pr:l;eating prior to curing and moulding

Textile Workers
Drying continuous webs
drying coated or impregnated yams
drying rayon '
drying wound packages
drying slasher coatings [9].

1t is most often the operative and kindred workers who receive the highest exposures.

One proposal seriously being discussed in the current review of the Australian

Standard is to raise the occupational limits by 10. 1t is these workers whose exposures
could significantly increase if the permissible dose increases by 10 times the existing
limits. If the way of measuring the radiation changes as is also proposed they would be
less likely to be zble 1o record their exposures or understand what is happening.

The NIOSH paper on the Known Biological Eifects from Electromagnetic
Radiation Exposures [9] are listed as follows: -

Death

Genetic Effects
Teratogenic Effects
Behavioural Effects
Cataract



-

Acoustic re conse
Nervous system disorder
Headache

Blood level changes
1oss of memory
Dullness’

Stespinsss

Sinus Ahymias

Theze is also evidence that cancers, specifically of the brain,{11] and all leukemias,
[12]aze increased in persons who are cccupationally exposed to these wavelengths, as
well as among those exposed to ELF. In many electricz] and electronics occupations
exposures are ‘o many differsnt electromagnetic frequencies.

THE PUBLIC TRUST

Radiofrequency radiation standards are controversial and do not enjoy the public's
confidence. Massachusetts Institute of Technology historian Professor Michael Stenick
has researched the whole history of radiofrequercy standards to discover why and how
this profound lack of public confidence came to pass. In his book The Microwave
Debate [13] Stenick documents the control exercised over paradigm generation and
reinforcement by control over the funding of res=arch. Stenick also shows an
extraordinary level of direction was exercised by a tiny handful of specific individuals
who were in charge of running the main research funding pregram, the US military's
Tri Services Program throughout the 1950's. |

Stenick records how: the radiofrequency radiation standards were increased from an
original industrial safety level of 100 uW/cm?- (0.1 mW/cm?) up to 10,000pWicm2
(10mW/cm?). This was accomplished by the creation of a pzradigm which stated that
the only hazardous exposures to radiofrequency radiation arc those resulting in thermal
effects (tissue heating effects). As burns could be caused at 100 mW/cm?2 it was
thought safe to expose humans at 1/10 of that level, 10mW/cm2 [14 ] This limit of 10
mW/cm2 was accepted as being so unsafe as to be fatal in the early 1980'sina
precedent setting compensaticn ciaims against the New York Telephone Company
[15]



That thers ars thermal effects is universally sccepted and the US and Western Alliance
courtries have adogted standards based on this paradigm.

As far as the hazards of radiofrequency radiation are ccncerned, there is, however,
another paradigm; that changes in the endocrine and nervous systems mark the
threshold of what should be considered to be deleterious expesures for humans. Tais
has been described as the non- thermal school of thought.

There have been thus been two schools of thought about how to protect humans. It
has been assumed that the research backing the non-thermal school was only
conducted in the Soviet Union but considerable research into low level non-thermal
sffects was also conducted in the US as the Americans grappled with the meaning and
iztention of the low intansity non-thermal mictowave irradiation, by the Soviets, of
their embassy and staff in Moscow. [16]

Much of this American work lcoking at low intensity non-thermal effects was carried
cut in secret while the various possible military and intelligencs scenarios for anti-
personnel (Geath ray) and behaviour and mind control weapons applications of
radiofrequency beams were explored. [17] [18]

It was the findings of this program of research in the late 1960's that created an
impetus in the US for a change in thinking about radiofrequency bioeffects, and to the
eventual and considerabie, downward revision of the US radiofrequency radiation
exposure standards, in the early 1980's.

This research, also, and the secrecy surrounding much-of it, created a credibility
problem for thermally based radiofrequency radiation safety standards.

The US program of research into the possible effects of the low inteasity non-thermal
radiofrequency irradiation of embassy staff led to a much imi:tmied opea research
program and to an unprecedented transiation of Soviet science and exchange and
cooperation with Soviet scientists. If, in Australia, we take all of this work into
account in the considerations of wiat is safe today we will te.more likely to establish a
consensus that is crcdiblc and protects everybody's i interests. The community and
workforce is protected as far as possible based on current cczcerms, and with very few
exceptions the industry has room to move and expand. -



duch of the wark that was conducted in sacret has sincs besx releasad vnder FOI and

BASIC PRINCIPLES

In considering the task of estabiishing radiation expcsure standards for the general
public and for those who will be occupationally exposed it must be accspted that the
first priority is to protect the heziih and well-being of the men women and children
who will be exposed in non occupational settings, as well as those men 2ad women
wilo will be exposed rcgularly, if not as a matter of course, cn a daily basis.

Cne approach to this task is to lock at all the human, acimal cnd cell system research
and, recognising its limitaticas, set limits for exposure below those levels reperted as
causicg changes in normal heaithy functioning or behaviour. This approach leads to
debase, about what is a significant change and what inferences can be validly extended
frcm findings in animal and celi studies to human health.

Civen the recognition earlier this century of the carcinogenic propertiss of many parts
of the electromagnetic spectrum, ia principle it shculd not surprise vs that exposures to
these forms of raciation are associated with an increased risk of the same forms of
cancer and we sheuld not spend truitless hours vehemently deaying even the
possibiiity.

In principle if there is evidence of deleterious health effects, such as cancer<ausing or
promoting effects in animals then the radiation should be a presumed to be deleterious
to humans. The levei of probabiiity that this is true increases if there is additional
human evidence, such as increased rates of cancers among those exposed to these
forms of radiation.

‘When standards are reviewed in the light of new evidence which reveals changes in the
acceptable levels of risk and exposure limits are consequently modified, there are going
to be some electromagnetic applications that will be effected. If the limits are reduced
some changes in industry practise will have to be made some equipment will haveto be
modified, greater safety buffer zones established. The cost of these changes will have
to be borne and cannot be used as a reason for compromising on the health of the
population.
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As a matter of principle it should not be the concem of those involved in s2:ting
standards to protect the current operational and financial interests of these who would
have to make changes to protect employees and the putlic health.

People will want to kmow what is safe and many will look for a strzightforward and
simple answer. Enginesrs will design to the parameters established, lawyers will argue
these are the existing standards so abiding by them assures that the general duty of care
is met.

But "Safe” is not and cannot be an absolute term. We are working in areas whars
everything is far from being c2ntain and already known.

Argrowing body of public epinion has little faith in the standards that have been set in
the past or in the process that gave rise to them.

When there is uncertainty about the levels and frequencies associated with increased
health risks, who shouid have the bene§it of the doubt? The principle must be firmly
established that it is those whose heaith may be affected should be afforded protection, .
not those who have ¢ franchise on parts of the radiofrequescy spectrum.

IS THE COMMITTEE CIARGED WITH REVIEWING THE AUSTRALIAN
STANDARDS REPRESENTATIVE?

" risk management is fundamentally a question of vaiues.

In a democratic society there is no acceptable way to make these choices
witha.a

involving the citizens who will be affected by them” [19]

Tht committee in Australia has been dominated numerically by the spectrum users,
specifically the military, government utilities and some of the commercial interests, The
preeess of setting radiation exposure standards is seen to be varepresentative and
‘exclusive, not only in terms of the interests represented but also in the areas of
exgertise. There are no true community organisations represented, there are no
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bioclogists or msdical experts who are not closely associated with a spectrum user to

orovide input in areas where empirical research into bioeffects has been conducted.

The military has a justifiable need to be involved, given the military uses cf these forms
of radiation and the ways military radiofrequency systems may impinge on the general
community as well on military pérsonne! It is recognised that the defence implications
of radar and other cl:::rcmagnc':ic systems will lead to a relatively closed way of -
dealing with issues of radiofrequency racdiation and health. In time of military conflict it
is acknowledged that the issues of possible health effects zt low levels are very much
secondary issues in the hierarchy cf concerms.

While the military obviously coes not wisi to harm its own people, the military culture
does operate with a diffarent set cf expectzticas about what constitutes accegtable

o
-

ievels of risk. However just bacause higher levels of risk ars accepted on joining the
forces, does not justify thess [eveis being imposed cn the general community or in the
civilian workforce.

There nesds to be more representaticn of the community interests on the sub-
cominittes and 2 way found to sezarate civilian and essential :nilitary and defeace

As a general principle, thes, it may be necessary to separate out military uses that are
vital for the nation's defence and treat them separately rather than attempt to argue that
the high exposure levels incurrad in these facilities are safe for everyone.

NON OCCUPATIONAL XPOSURE LIMITS

As matters now stand the levels of exposure to radiofrequency and radiofrequency
radiation for the vast majority in the general community are very low, with the existing
standard allowing for significant increases from that base, for all the people.

A common relationship between cccupational exposure standards and non
occupational standards is that non occupational standards should be set at one tenth of
the occupational limits. The raticnale for this is that workers are exposed for a shorter
time and are generally more healthy than the entire community which includes pregnant



wormen, young chiidreh, sick and elderly peopis. Furthermore the gensrzl popuiation
can be exposed, unwittingiy, feo ali 24 hours, each day.

The existing general population electromagnetic exposure litnits were set at ore fifth of
the cccupational limits to minimise the difficulties that certain sectors of the
broadcasting industry would have had in their localities had the standard followed the
usual relationship.

This may be very convenient for the industry concerned but is unjustifiable if there is
any evidencs of bioeffects at these levels. This nesds to.be well considersd during this
reviecs and was highlighted as a failing in the first Australian standard by CSIRO's Dr
Davic Hollway.[20]

There appears to be a reluctance to accept that the aciual levels of R¥ exposure for the
genera! populaticn are generally very low, given that this refiects well on the
responsitle, planning and design that characterises most broadcasting sites and
radiofrequency telecommunications applications. In the mid 1980's, whea the current
limits were set, the indusiry would have had to spend some money to conform with a
lower limit but chose io save itself the money and trouble by forcing through a non-
occupaticnal limit double that proposed.

Since the standard was first preaaulgated it is quite likely thst pew housing
developments have placed more people inside the buffer zorss that would and should

have remained unoccupied if the non occupational limit had been kept at 1\0th of the
occupatiosal limits.

A BROAD OVERVIEW OF THE BIOLOGICAL AND HEALTH
EFFECTS OF ELECTROMAGNETIC FIELDS

A significant body of literature has been accumulating since the late 1970's that
associates cccupational and general public exposuras to electrical and magnetic fields
with significantly increased risics of cartzin cancers. This work has teaded to focus on
the magnetic fields associated with electrical power frequencies but there is also
evidence of increased cancer rates in populations exposed to radiation in the kilohertz
to Gigahertz range.[21, 22, 23,24, 25]
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Iz racio and electronics work occupational exposures that encompass ELT and
racdicfrequencys are ccmmen. The eleciromagnetic radiation exposures in the
workolacs and in the generz! community don't £it neatly into wavebands but are broad
and intermeshed.

The cancers significantly associated with occupational and genera! population exposure
to electromagnetic radiation are wnose affecting the brain and nervous system, all
leukemias, and most recently cancer cf the breast.[26 - 50]

In the pages that follow observations of effects, at non-thermal and thermal levels of

exposure on the brain and nervous system, the blood forming system and the endoctine
system are regorted.

THEZ IRRADIATION OF TEE US EMBASSY IN MOSCOW

The public wariness of claims about the acequacy of safety standards for
radiofrequency radiation has its roots in the infamous and prolonged episode in

Moscow where the Soviet Union ran a program of regularly irradiating the American
Embassy and all its staft.

By establishing a monitoring program of the irradiation the State Department analysed
the power, frequency and modulation of the signal. This monitoring established that
the signal was 2 modulated low intansity roediation and that the frequencies used to
irraciate the US Embassy were in the "S" and "L" bands (GHz).

In documents released under FO! it is stated that the levels ol modulated
radiofrequency irradiation-were measured and ranged over 0.2 to 2 pW/cm2 witha
highest peak of 5 uW/em2. [51]

The US radiofrequency safe exposure standard at the time was 10000 p W/cm2 so
these were relatively mimuscule levels of radiation.

The irradiation of the US Embassy and staff-in Moscow at levels far below those
considered to be hazardous in the USA pevertheless led to a Presidential directive that
"intensive invessigative research be conducted within the Stcte Department, CZA and
Department of Defence to determine what the threct is.” [52] Dr Sam Kceslov a
physicist at the Advanced Ressarch Projects Ageacy was placd in charge of the
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research program. Dr Xosiov was familiar with Soviet research findings postulated
"the signal was an ctiempt o produce a relativziy low neurcohysiciogics! condiron
among embessy parsonnel” [33]

Soviet literature of the time reported loss of memoary, loss of cenceniratics, fatigue
and dsbilitation among humzn populations exposed to non-thermal levels of
radiofrequency radiation and to investigate these effects part of the program that was
set up included assessments of behaviour and performance effects.

Thais research looked at:

1. Discrimination Visua: and Auditory Thresholds
2. Reaction Times : Avoidance

3. Vigilance Performance

4, Attention Span

S. Dynamic Muscular Strength

6. Critical Flicker Fusion

Ariother part of the reszarch program was extensive medical testing of the Embassy
sta&"including examinations for any genetic changes. This search for genetic damage
was concealed from the embassy staff themssives and was conducted in secret using an
elaborate subterfuge but when the actual area and scope of the program leaked out
amidst rumours of findings of genetic da.mage this had the effect of causing very deep
resentment, widespread suspicion and doubts about the credibility of otficial
pronouncaments about the safety of radicfrequency radiatioz. ‘

EFFECTS ON THE 3RAIN USING PRIMATES

13 1959 behavioural and central nervous system effects were descriped by Bach [13], 2
researcher at the US Institute for Neurological Diseases who irradiated the heads of
rhesus monkeys at non-thermal levels in a tightly designed research program. When
exposed the animals went threugh cyclical periods of drowsiness and arousal. During
the drowsy periods they stared with a fixed stare and were "unresponsive to touch pain
light and sometimes o sound stimuii". They then moved into a period of arousal
characterised by rapid side to side head movements.
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"By alternataly switching the transmitter on and off one of these cnimals was
brought ic the peint of successive arousal cnd complere relexaticn i a 20

seccnd cycle, recering likz ¢ puppet on a string” (54

Ceavulsions could be induced and-death brought about in as snert 2 time as 2 minutes
52 secoads.

Thne pregram of research used prirmates to got as cicse to human beings as possivie and
checked for changes in behavicur during ticy levels of radiofrequency exposure. The
findings of research into behavioural effzcts on primatss at exposure levels of 0.2 - 5
uW/cm?2 and genezally less than 1 mW /em2 showed no effects. This is important and
generally encourzging for the levels in the current Australian Standard which is
imW/em?2 at these freguenciss. Centainly no increase for workers 10 10 mW/em2 and

ine general population to 2mW/cm2 should oe censidered.

Tae Advacced Reszarch Projects Agency nowever found that rzdiofrequeacy radiatica
in the GHz range was capable of inducing profound effects on behaviour in primates at
eveis of exposure to modulated fields of tetween 1 mW/em2 and 5 mW/em2

ARTPA decuments released under FOI regory;

"The monkzys exposed to the specific synthetic Moscow signal in field
strengths from 1 mWicm? to 4.5 mW/cm? showed degradation of work
performence after 10 hours-a-day e.rpo:ure from 11 days to 21 days. This
degredation in performence may be regarded as a vigilence function
degradation. The effects cppear 1o be grossly functional reversible. There is
some evidence that repeated szries of exposures sensitises the animal and
shortens the latent pericd before signs of vigilance degradation appear” [55]

In other experiments conducted at 5 mW/cm2 exposure the monkey which normally -
worked for 10 hours a day every day was observed to slow down and thea ceased all
work and went into a deep sleer similarto a coma.

"There is no question that penetration of the central nervous system has been .
achieved either directly ..r indirectly into that porticn of the brain concerned
with the changes in the work functions”.



Events leading 10 these brecidowns werz as fallows. Onthe 12 th dzv of
radiation ¢ definite slowdown was recorded in the monkeys ahility to time his
work functions. On the ]3th dav of radiatior. the monkey further degraded and
finally stopped working. For the next two davs of radiation the monkevs condition
remained unchanged- cnmp?ezc stoppage at which time the rediation was
terminated. Three days lcter without radiciion the monkey returned to normal
operation in his work functiors. For five cdditional dcys withow: radiation the
monkey maintainec a normal work pettesn. Radiation wes turned on ajier this
period and afier eight days of radiation sicwdown in work functions was again
recorded. On the 10the day of radiation compiete stoppage occurred. Tke
sloppage continued for the next three davs at which time rcdiation wes
terminated. The next two davs of recordings up 1o 15/12/1966, revec! the monkey

had not returned to normai”.
The ARPA repor: goes on to recommsnd:

"The US rediofrequency radiation standcrd safety standards showld be
overhauled to take cccount of the non-thermcl damage potential.

The potential cf exerting a degree of corsrol on hurman behaviour by low leve!
radiofrequency radiation must be carefully investigated.” [56]

In later reports of experiments conducted in 1967 it is reported that
"for the record it should be noted that all of the positive findings were achieved
at one half an order of maghi:ude below the accepted US standard for safe
exposure” [56a]
Thatis at a level of 5 mWicm2.
It is worth noting that while work cessation is acknowledged 2s the most sensitive
indicator in the papers provided to the review committes by the chairman who'is
supporting an increase to 10 mW/cm2 the actual levels of SmW/cm2 causing these
effects are not acknowledged in the paper provided.[56b]
It is instructive to review what happened to the US radiofrequency standard in the years
following these secret programs of research because the impetus to reduce the standard
began with the findings in these investigations. Programs of investigation were
established in diverse areas of government. Throughout the 1570's a Program For
Control of the Electromagnetic Pollution of the Environment was estaolished in the
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in tne Department i Sdmmercs, and in 1978 the Comgtroller Generai issuad 2 report

. - Lo - i S - LS PrEY b - .; aAnrs—Y
emiided " Biore Proteciicn Irom Reodiofreguency Radistion Tozards Needed "[IT]

t is necessary in the current :':view of the Australian stendard, and especially
whers there are proposzls to increase the exposure limits for workers {rom
1mW/em2 to 10 mW/cm2, tocarefully consider this work and to firmly reject
any pronosal to ailow humans to be exposed at such levels.

The poiicy processes that followed the ARPA work in the US, led to more open
research and a program of cooperaticn with the Soviet Union and other Eastern
European countries, and with this there came a more public and open acknowledgment
cf at jeast the possisility of risks to healih at lsvels below themmal effects.

RUSSIAN RESEARCH FINDINGS

It is"possible that scieatists in the former Soviet Union actually knew more about the
biological effects of radio fraquency radiation earlier than their western counterparts.
Centainly it had been a field of intensive study for all of the 20th caatury in Russia.

V Y Danilevskiy conducted the Srst expenimental investigations of the biclogical
effects of radio waves in Russiz in 1500.[58]

The biological role of electromagnstic radiations was first comprehensively defined in
1926 by V1 Vemadsldy{59], a member cf the Soviet Academy of Science and from
there investigative work continued thrcugh the 1930's, 40's 5C's and 60's mainly
focusing on three areas:

1. The thermal effects of radio waves

2. The specific action of these waves on the organism- which were discemible apart
from heating effects. These are what the Russians czalled the non-thermal effects.
3. The radio frequency emission from the human brain

In 1930 Patzold [60] established that the thermal effect depended on the conductivity
of diaelectric solutions and that diffsrant electrolytes heated differently. Patzold
derived a formula that czn be used to find the conductivity at which maximum heating



is cotained and ciotted 2 diagram of the wavelengths that produce the most distinct

thermal effects in ihe rabbit and other exgerimentzl 2nimais.

Thus Patzold demonstrated wavelengths cf 79cm for heating of cerebro spinal fluid,
S3cm for bile, 177cm for bicad, 7m 87 cm for the braiz and so forth and this work was
replicated and extended by others throughout the 1920's. The purpose of studies of
Paizold and others was to leamn 2bout tissue heating as a functica ¢f tissus
conductivity and dielectric cons*ant. It was discovered that there were differsat depths
of penetation and heating effects in skin, in fat and in mpscle tissues and that thers
was a layered effect which increased the heating effect. But they wers unable to
explain the diversity of tha biclogical effects in structures uncer eXposure to
radiofrequency waves.

Systematic reszarch into the thermal effzcts of radio:'r:§ucncy waves continued
throtgh the post war vears. In 1563 Mirutenko [61]] showed thzt heating cf certain
tissues was observabie at 10 mW/em? reinforcing Deichmann’s experimeats of 1961
[62] which demonsirated that absorption of electromagnetic waves of 12.4cm 2t 10
mW/cm2 caused an excess zmount of heat in the organism.

Deichmann concludad that the Maximum Permnissible Leveis adopted at that time in the -
USA of 10 mW/em?2 with no limit on time of sxposure was too high.

In the early 1960's Sovict scientists carried out numerous exgeriments at 10 mW/em?
which convinced them that 10 mW/cm? was unsafe for humzns. [63]

EFTECTS ON THE BRAIN

Among electronics workers sxg.ased to microwaves and radiofrequency waves and
among electrical workers a statistically significant increase in the incidence of brain
tumour, particularly of the glioma and astrocytoma types, has been reported. The risk
of this cancer increases with increasing exposure time [64] . It is therefore essential
that we pay attention to all of the literature on electromagnetic radiation effects on the
brain and particularly to any research showing changes or damage in the glial cells.

Russian research has paid particular attention to the drain and nervous system and has
reported a singular sensitivity in the glial cells.
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The most distinct changes in the nzrvous system during exposure at low
irtansities arc observed in the conditioned reflex activity of arnimzls. Changes
in motcr conditioning reflexes were frequently obszrved in rats irradiated with
rediofrequencys (10cm wavelength 10 mW/cr2 for one hour a day).

The latent time of the reactions firs: became shorter and then longer after the
15 - 17:h ireazmen: stronger suppression of the rejlex was noted and
sometimes even disappearance of the reflexes occur-ed. Urder,almost
identical experimental conditions (wavelength 12.6 cm at 10 mW/cm?)
extinction of conditioned reflexes took place three times cs fast in irrediared
animals as in control animals.

The conditioned reflexes of rats exposed to decineter waves were suppressed
with a few treatments of exposure for 1 hour a day and recovery of normal
cerebral cortex activity 100k two months to re-establish gjter all exposures had
been discontinued.. ‘

Histological examination of the brains of rats exposad to 3cm waves at 10
mWicm? showed distinct changes in the interneuron axodedral end
axosomatic connections in the cortex. In particular there were chenges i the
synaptic apparatus of the cortical pyramidal cells.[65] .

Thers were distinct shifts in the neuroglia: the number of astrocytes had increased. The
Russians advanced the view in 1967
"that the brain and its glial c2lls i particular have a receptor function with
respect 1o electromagnetic fields®. [66]

This is of considerzble importance givea :-

a) the recognition of a steadily increasing rate of glioma (brain tumour) as a statistically
significant cause of increased meriality

b) the recognition of glioma as a particvlar cancer occurring in a statistically significant
number of cases especially in electrical 2nd electronics workers. A four fold increase in

Glioma has also recently been ~eported in women VDU operators where exposure to
VLF and ELF occurs. [67]

Of all the cancers reported among workers exposed to electrizal and magnetic felds
Glioma is the most strongly associated with occupational exposurss to



Eiectiromagnetic Fields'and it shows 2 ciszr dose response curve ¢f increasing
incidencs with longer periods of time in the exposed cccupations.

In the Russian text The Effect of Electromagnetic and Magnetic Fields on the Central
Nervous System, Kholodov reports;

Ir recording the electrical brain reactions to dijjerent elec;romagnetic jlelds
we ncted the appecrance of slow nigh amplitude oscillations of potenticls. In
recent years certain investigazors have atiributed the main role in the
formation of slow components of the EEG to glial elements. Recording the
electrical activity in the region of the medulla oblongata which basically
contains glial cells revealed ¢ riythm of 3-6 Hz and supersiow oscillations...
Finally morphological investigations of the brair jollowing an anvmals siay in
different eleciromagnetic fields indicated a gliai reaction to these influznces.
We noted a revived proliferction reaction of the microgiia in the drein
following exposure of the animals to an SHF field of average 40 mw/em? and
at low 10mW/cm2 intensities which indicated the stinularing effect of an SHF
field.

Swelling of separate cells was observed at the same time. A protective recetion
of the glial wac frequen:ly more explicit following ¢ 5 minute exposure to an
SHF field than after a fifteen minute exposure. Thes: changes in the glial cells
are considered to be nonspecific protective reaction of the central nervous
system. Morphologists long ago noted the reaction of the glia following
exposure 10 lonising radiction while neurons remained normal. Studying the
morphological structure of the bratn from irradiated dogs L L Vaconikov in
1956 concluded that the giial tissue especiaily the astrocytes and the vascular
system connected with it suffers primary damage during irradiation.
Especually acute degenerction of astrogiia was observed in the brain stem and
in the region of the hypothalamus.

In rabbits one hour afier the start of the EMF influence we notzd a sharp
productive reaction bf the astroglia and oligodendruglia involving
kyperplasia and hypertrophy of the c2li bedies and processes. In rabbiss.cnd
rats 10-12 hours after the start of the of the influencs of EMF the reaction of
the glia remained productive involving the presence of perivascular and
‘marginal glial fibrosts, with changes in the oligodendroglia hypertrophy of the



drcinage c2ils. The neurons undervent reversiole changes in the form of

In rabbits cats and rets 60 - 70 hours aﬁer the start of the EMF influence we
observed productive-dysirophic damage to the microglia invoiving swelling of
the oligodzndacytes and appearance of drainage cells. A picture of dystrcuhzc
changes in the glia was morphologically diagnosed.

Sirce the glial formarions are distinguished by a high metabolism we can
constder that the effzct of ¢ EMF on the brain s realised to a significant
degree through the citenges in the metabolism of neuroglia.

Studying the experiments on the efjects of an EM"' on the CNS we can explain
many of the results by the effect of an EMF on the 2 glic. The las: two series of
experiments involving the recording of neuronal activity and a morphological
analysis of the brain of ratbits subjected to a EMF directly implicates the
glia in reactions 10 ¢ EMF. In all our experiments we noted a prolonged latent
period measured in seconds and tans of seconds. The long latent period
indicates that nzurons are not the primary elements reacting io the EMT since
thz latent period of their recction is measured in milliseconds. A significent
afier efject also charactertses the reaction of glial 2lements. [68]

NON-THEPMALU EFFECTS

By the end of the 1930's the Russizns had established there were specific non-thermal
changes that appeared in the organism, that is changes that could not be explained
solely in terms of heat formed in it. In 1936 Libezni [69] stated that the non-thermal
effzct of radio waves was the basic starting point and that the temperature rise in
tissues merely masks the specific shifis in the organism.

In 1938 F M Suponitsiaya [70] linked the influence of 40cm waves on the organism
with noathermal tissue changss which he ascribed to the vibrator effect on molecules. -

The Russians found their cwn understanding of how radiofrzquency radiation interacts
with living organisms and their approach to the whole field of study was lacking
integration and that the effacts of radiofrequency radiation couid only be successfully
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vadersiocd, and their own research effon grectly improved, oy tringing 'ogsthera
i2am or scisniists representing various szecizlitiss; physics, radio siscironics,
chysi Olof"'j, cotieshysiolegy, immunclcgy, nevropatholgy, ooa ‘.max and

pnys:othc:apy.

By the second world war the Russians had recognised that workers operating radio
eleconics equipment wers bciﬁg adversely affected and that to sdlve ths problems
associated with their occupaticnal exposures and to deveiop proper industriai hygiene
controls the mechanisms by which radio waves act on biological objects had to be
studied.

After WW2 the Russians began inteasive investigations, using rediofreguency waves
into the electrical properties of tissues and it was found that
"owing to the weaker absorption of radz'aﬁequéncy energy by the fatty tissues
less heat is liperated in the farty layer than in the muscle. ¥Wher the layered
tissue system is irradiated zhe.':foré the temperature rise in the lzyerof muscle
is larger than in the farty layer even though the latcer is nearer the source of
the radiation.” [71]

Petrov notes that _
" a marked temperature reaction of the organism to radiofrequency exposure
is okserved when the power flux density is more than 10 mW/em2. However
orgaaisms are also observed to react to the electromagnetic field at smaller
radiofrequency power fluz dersities, even though the iemperc:ure rise is not
cbserved. These phenor-ena belong in the category of non-thermal or specific
effects.of radiofrequencys®.[72]

As regards the central nerveus system, the relatively thick bore texture of the skull and
high lipid content of tlie brain tissues facilitate the penetration of radiofrequency
radiation and interfsre with the dissipation of heat into the ezvironment. Also reflection
and diffraction of radiofrequency radiation may take place within the spherically
shaped skull; thuS; in particular regions cf the central nervous system radio frequency
radiation could be more highly concentrated than would appear to be the c2se from
incident power density. The reticular formaticn of the brain stem and the hypothalmus
regions wiere important regulatory ceatres are locatad are areas most seasitive to
electromagnetic radiation and even a small degree of hyperthermia in these regions
might significantly disturb various body functions.
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The CNS is the first system in animals irradiated at thermal intensities to
undergo functional changes. (30 -40 mW/cm? for 20 minutes, wavelength
12.6 en) Rebbits menijest abrupe suppression of conditioned reflex activizy,
and abrupt suppression of the basic riyihm of ceredral coriex electrical
activity, dogs at 20 - 30 mW/cm? skow a decrease in the strength of the
conditioned reactions c=d an increase in their latent times. [73]

A decrease in Cholinssterase zetivity in the cortex, cerebellwn, brain stem and medulla
colongata and internal organs of rabbits during 'a"iofrcqucncy irradiation at sub-
thermal levels (500 uW/cm2) of rabbits was 'c“oncd by Russian scientists in 1953.
Petrov reports 2 seties of sxperiments on chelinergic aclivity and states:

"Changes in the cholinergic link were established in these experiments on
animals and on isolated muscle with radiofrequency irradiation. Apparently
radiofreguencys may act as a stimulus that works through interoceptive links
to change the cell membrane elzctrical potential or couse de or hyper
polarisation. It is possible thet entering the blood ihe acetylcholine formed in
the synapses under radiofrequency exposure ccts upon the chemoreceptors
and pressoreczptors of the carotid sinus and on the skin-mechano and
thermoreceptors causing reflex changzes in the funcions of the hypophysis and
adrenal glands. Depending on the intensity of the rcdiofrequency éxposure
they cause eitker an enhancement and activation of cholinergic transfer in the
irradiared object or a weakening of this process owing io disturbances in the

formation of the attendant bio-chemical components with disturbance of the
associated metabolism” [74]

In the Russian studies of the ffect of radiofrequency radiation on the permeability of
cell membranes the threshold rzdiofrequency intensity leading to a significant change in

the rates of ion transport across cell membranes following irradiation for two hours
aporoximated 1 mW/cm2.
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Elzctrophysioiogic investigations of elementary excitable siructures, like cell
membranes, hove bearn demons:rered ar an extremely low inatesizy of
radiation,

5 microwatts/cm?. Thesz investigations kave revealed chenges in a number of
junciicnal parcmeters cnd-cherecteristics, namely, a slowed conduciics of
impulses, an increcsad synaptic celay, lengthening of latent and refractory
periods, changes i action potential, (all in isolated nervesand muscle fibres of
the frog) inhibitior, of impulse a contribution from: the ronspecific subcortical
and stem structures. This is particularly true of the hvpothalamus where
changes at low intersities 30 - 100 uW/em? toking place in both acute and
chronic experiments are of exceptional interest because the hypothalmus
constituzes the structure connecting nervous and humoral means of regulation.
Experimenual investigations show that following radiofrequency irradiation
the ascending actvating nfluence of the reticular formation of the cortex is
blocked”

Changes in the regulatory activities of the hypotkalmic region due to
radiofrequency irrcdiation of non thermogenic intensities also results ir: shifis
in cholinergic processes participation of choline reactive and adrenergic
structures of the brain as well as biphasic changes in vascular tonus with
accompanying changes in accumulation cf neurosecretion within nervous cells
and tissues of the hypothalmus region.

At low intensities of the order of 1 mWiem? radiofrequency induced

- disturbances of adcptztion to various factors have also beer observed. All the
above findings taken together bring us closer to understanding the
pathogenecis of the neuroicgic manifestations of radiofrequency sickness by
showing clearly that in human beings the astheno-vegerative shifis and
psychophysiological symptoms are mainly of a mesoencephalo-disncephalic
nature and are elicited by radiofrequency of low intexsity activity of single
ganglionic neurons ( the medicinal leech)”

CNS effects have been observed at intensities up to 1 mW/cm2. These affects
are determined by both a direct action on the brain and reflex component and
intersystem relations wi »in the brain. [75]



DIALOGUZ BETWEEIN WEST AND ZAST

At s4s first International Confacence betwesn the Eastern bloc and the West which was
heid in Poland in 1973 Russian scieatists mapped out the state of their knowledze and
the various thresholds 2nd conditions of exposure that they hzd empirically sstablished.

Firstly, as far as exposure coaditions are concemed, the Russians nad initially vsed
continuous exgosures in their investigaticns but realised this was not an accurate
raoresentation cf the real world 2nd sc tzied in their exzerimental work fo repiicate the
ctual conditions people are exposed to in industrial conditicns
"which are characterised by al:ernations in the periods of irradiatior and
intervels of various durations in combination with veriability in the inzensiry
of radiation, ie the radiation is intermuitent in terms of a number of
parameziers”. [78]

Bychakov et al monitored the elecrical activity in the braias of irrsdiated rabbits using
3GHz "employing an experimental msthod which adequately simulated industrial
conditions. The animals wers subjected to 150 wW/cm? for § minutes; 10 minutes rest;
60uW/cm?2 for 8 minutes; 240uW/cm2 for 6 minutes; 34 minutes rest; 320 pW/em2
for 12 minutes 60 pW/cm2 for 8 minutes 14 minutes rest 60 uW/cm2 for 8 minutes
150 pW/cm2 for 8 minutes. The iotal time of actual irradiation was one hour. A
parallel series of experiments was conducted with continuous radiation 153 pW/cm2

fer 1 hour. In both series the incideat energy as well as the total period of exposure
were equal.

A non irradiated control group was also monitored.

The statistical data from the experiment show distinct although limited
changes in the spontaneous electrical activity in the brains in the case of both
series of (exposed) animals with statistically significant differences in chan ges
evident in series 1 (interminent exposure) afier 10 exposures. [77]

Gordon in summarising this and other work reported. that

"intermirzent exposurz o irrcdiaiion results in more pronounced biologic

effects than those of stzady irrcdiation under conditions of equal strength and
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time pergmaters, One could kypothesise that tniermistant exgorure is muct

more sireaucus for the adapiation and compensaticn mechernisTs cwing 0 the
freguer: changes in the ‘rradicting parame:ers’. ... Diological efjecis become
more severe with increasing duration of work accompanied by irradiations of

low intensitizs less than 1 mWicm2. (78]

This has both considerable implications for peak puised exposures and for the overall
stacdard to be adopied for 8 hour working days. It ceriainly does not sugrort 2n
increase up to 10 mW/em? for a working day.

Secondly the terms thermal and non-thermal wers defined as Zollows;

Thermel effects are those biologic szcuzlae which are due to integre!l risz of
temperciure of the body and its separate parts'dw'ing whole Eody or loca!
irradiazion. Therme! effeczs cre those biolcgic sequelae which are due to
integral rise and the result of unever hecting cf microstructurss of a
heterogeneous biologic tissue and may occur in the cbsence of the integral
thermal effect.

Finally ron-thermal or extra thermal effects are due to conversion of
electromagnetic energy within an obiec: into another form of ron-therral
energy (molecuiar resonance absorption photochemical reaction etz). [79]

Clear Thermal effects occur at exoosures of 10 mW/cm? and above.
Weak Tharmal Effacts cczur bctwe:ni and 10 mW/cm?
Non-thermal affects occur below 1 mW/cm2

Gordon reports that;

1 mWicm? is also significant from the medical point of view according to a
number of indicators, and even at intensities that are extremely low, such as
500 - 250 uWicm? certain biologic effects occur (bicelectric phencmena with
resetting to a new level of activity of the brain systems, changes in
immunobiologic resistance including definite pathologic effects (reproductive

functions).
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Cur in vivo investigations have shown thar activity of a whole range of
enzyrmes in the iissues of irrediated animals including cholinesierase changes
markedly at intensities dowrn to 1 mWem2 [€0]

In Russia clinica! observations of men working in rediofregusncy radjation exposures
over many years lad to the recogmition of 2 distinct ferm ¢f oc-‘:upa!ibnal disease
marked by changes in the nervous and cardiovascular sysizms. Investigative work
progressed both with experimental enimals and cell systems and with exposed workers
to try to leamn rmore about the interactions berween radiofrequeacy waves and
biological systems.

Czarskd reported on expsriments on a sesiss of cxpc':lmcﬂr.s in which groucps of ratbits

gu:n.a pigs and mics were exposed respectively to a o.:lsvd field (2950MEHz 12C0

puls- at one microsecond) or to CW at 3 mW/cm2 2 hours daily for a tetal of 74 or
£8 heurs. These experiments mesasurad the rzies of iron uptake into red bleod celis,

the rates of c2!l division in the bone marrew, zrnd quantifying resctions of the
lym;.:}'xyocytic system.

As far as the iron metebgolics results were conczrnecd there wvere significant
differences berween irradiateZ and non irradiated conrrol group and perhaps
the most interesting finding ts that 74 hours of exposure to pulsed-
radiofreguencys induced much more pronownced effects than exgosure to CV/
of the same duration, the ciferenczs betweern thesz groups being highly
significans. On the other hand 158 howss of e::pokure to C¥ radiofrequancys
in&uced_ very similar efjec:s to those cf exposure to pulsed radiofrequencys of
half that duration..

O the effects oa the lymphocytic system which is of interest given the increased
incidence of leukemias among humans occupationally exposed to electromagnetic
waves

low dose irradiated rabbits undargo spontaneous lymphoblastoid

transformction when cultured in vitro ... these observarions seem to indicate

a peculiar suscepubility of the lymphocytes and lymphocytic system to
radiofrequency radiation [81]



Trench rescarchers regoned ” from clinical and bioiogical investigaiions of people

exposed tc radiofreguencys we jound ‘that ar: exposure for a long :imz ci a low mean
power density 0.1 -0.2 mW/cm? produced subjective and objective disorders i a
number of subjects.” [82] Using mics rats and rabbits and contrel nor irradiated
animals of the same szzins the investigaters irradiated the experimenta! animals ata
mean of 2 mW/cm2, frequency 3.105 MEz for 145 hours continuousiy and then
szcrificed the animals and compgarcd their intemnai organs

They reported tae following:
SPLEEN

There wes a greater exiension of germinative centers in exposed animels than
in controls; the cellular density increcsed and .Iymphobla:tic cells were more
numerous, in lymproid areas the lymphocytes were abnormally diseributed in
sheets foci of easinophil c2!ls and large numbers of raficular czlls were found
... Disorganisazion of the hepatocytic structure and enlargzment of the
haemaropoietic islet were also observed.

{VER

An increase of the reticular and histceytic cells of mesenchymatic origin in the
Disse spaces was noticed

THYMUS

Tke cellular density of the cortical areas was marked in the subcapsular zones -
by a great number of lymphoblasts [83]

These findings assist us in understanding why there is an excess of leukemias among
workers exposed to electromagnetic fields

ENDOCRINE GLANDS.

Petrov reports that the functions of the anterior pituitary and adrenal cortex are
reguliated by the ceatral nervous system and goss on to descrihe Russian work on the
effects of radiofrequency radiation at thermal and non-thermal intensities on the



Sunction of the pituitary and acrenal conex, the thyroid gland and sex giands. Thermal
iniensitiss were Scund to suspress the hommon ‘odn.ung funciions of the anterior
pituitary and adrenals wh"' acn-thermal intensities enhanced them.

Various researchers resort that dogs irradiated showed enhenced thyroid fuaction with
ircrsased uptake of iodine. The power fiux densities recorted as causing this effect
stat 2t 3 mW/cm? for 30 minutss.

SEX GLAND FUNCTION ANT RE?RCDUCTION

Animal mals testicles that were exposed to 12.5cm waves for 5 - 15 secends at 250
::1\3//(::1_12 showed haemorrhaging, ccagulation necrosis of the epithelium of the
interstitial tissue and vessel walls although cnly a small tcrnpcr?.tﬁr: rise had bean
cbserved in the testes.

Simiiarly brief irradiation at 4C0 mW/em? produced sterility.

A raduction in the siz= of the testes as compared to cortrol animals was observed 29
days later.

Female animals that were irradiated wers less {ertile than ccxtrols and the offspring
were born small and many cf them perished during the first two days.

Imig et al in 1948 conducted a series of studies to detsrmine the possible effects of
radiofrequency waves on the male reproductive system. They reported;

The outcome of this experiment clearly shows that testicular damage from
12cm irrcdiations of ¢ temperaiure below that of the abdominz] cavity arnd

below that necessary to cause injury by infra red exposure...damages may
result in part from factors other than heat. [84]

In the testes a high rate of ce!l division and differentiation is maintained in the seminal
tubules. However the germ ceils could easily be damaged by elevated temperatures of
the testes. In addition the interstitial cells (Leydig cells) produce less androgen when
the internal temperature of the testes is raised as in the case of exposure to
radiofreguency radiation. The hypofunction of the leydig c2lls could be a secondary
disturbance due pituitary insufTiciency in gonadotropin secration under the influeace of
radiofrequency radiation; sympotoms of pituitary hypofunction and functional
disturbances of the pituitary-gt =adal system have been observed in men and women
exposed professionally to radiofreguency radiation.
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REPRCDUCTICON

A study conducted at John Hopkins looking at the possible causes of mongolism found
a statistically significant association betwesn paternal exposure to radiofreguency
radiation in the radar frequencies and mongolism in the offspring.'[35]

TEE EFFECTS OF LOW-PCWER RADICFREQUENCY RADIATION ON
CELLS AND TISSUES '

The literature concerned with empirical studies of the effects of iow power (athermal)
radiofrequency radiation on cells and tissues has grown considerably but the lack of an
agresd theoretical basis for the observed effects has discouraged official acesptance of
their significance. This official disinterest is based in the fact that el=ctromagnetic
radiaticn with photon energies < 12 eV (i.e. of waveiengths Icager than ultraviole?)
wers not suificientiy erergetic to cause ionisation. Damage to cells and tissues by
icmiging radiation was weil understood and, because cf the industrial, military and
medical importance of ionising radiation, the study of its effscts tended to domirate
the fieid anc to provide modsls ~r studies of other potentially-damaging agents during
the rapid development in moiecular biology over the last thres decades. Nevertheless a
nurnber of significant papers were published in parallel with the early epidemiological
and experimental animal studies. Several of these studies were with effects of
radiofrequency fields on blood cells, as these were readily obtainable and, in
cdnformity with the knowledge of the period, with the expectation that they would
provide surrogates for other cells of the body. These are of some interest today
because of the apparent increased risk of leukemias reported among radio hams and
more widely among those exposed to electrical and magnetic felds.

Baranski working in vitro with rabbit bleod observed increased permeability of .

erythrocyte cell membranes to haemogiobin '
after irradiation at 1 mW/cm? during 60 minutes changes in potassium
metabolisim were the eariiest observed disturbances in erythrocytes irradiated
with radiofrequencys. After only 15 minwtes of irradiation at 1 mWiem? a
significant increase in potassiwm concantration in the supernctant was noted.
The values were still higher after longer lasting irradiation or after
irradiation at S or 10 mW/cne.



